Abstract River bank or slow sand filtration is a major procedure for processing surface water to drinking water in central europe. In order to model the performance of river bank and slow sand filtration plants, we are studying the different mechanisms by which the elimination of pathogens is realized. An important question concerning the mode of action of slow sand filters and river bank filtration units is the role of the colmation layer or "schmutzdecke" on the elimination of human pathogens. The schmutzdecke is an organic layer which develops at the surface of the sand filter short after the onset of operation. We have inoculated a pilot plant for slow sand filtration with coliphages and determined their rate of breakthrough and their final elimination. In the first experiment, with a colmation layer still missing, the breakthrough of the coliphages in the 80 cm mighty sandy bed amounted to ca. 40 %. In contrast, less than 1 % of coliphages escaped from the filter as the same experiment was repeated two months later, when a substantial colmation layer had developed. Our preliminary conclusions are that the colmation layer is extremely efficient in eliminating of viruses.
Introduction
Reusing water for drinking purposes, as the kind of reuse requiring the highest quality standards, is thought to involve the most expensive of treatments; but this does not need to be that way. In Germany, reusing wastewater as drinking water has been practised for more than one hundred years at relatively low cost and yielding drinking water of high quality. The procedure -River Bank Filtration (RBF) -involves the operation of extraction wells along a lake shore or a river bank, i.e., along surface waters that are always more or less polluted pathogens. Extracting the water from the wells generates a groundwater stream from the bed of the surface water towards the wells, and this underground passage reduces or eliminates pathogens and other pollutants present in the surface water (Hiscock and Grischek, 2002; Sophocleous, 2002) . To fathom conditions (water velocity, retention time, etc.) of river bank filtration that best warrant sufficient safety for the consumer, a multi-centre working group (NASRI) has been established in Berlin under the umbrella of the Kompetenzzentrum Wasser Berlin. We report here on the contribution of the upper colmation layer ("Schmutzdecke") of an infiltration pond to the elimination of bacteriophages from the raw water.
From work carried out with slow sand filters it is well established that the colmation layer, an organic mat, richly populated with protozoa, bacteria, algae, and other forms of life which build upon the slow sand filters soon after starting operation, substantially contributes to clearing the water of pollutants (Ellis, 1985) . The colmation layer, however, greatly impairs the flow of the sand filters. For this reason the layer has to be removed from time to time, whereupon the performance of the filters temporary decreases. For this reason, slow sand filters typically display an oscillating performance, with periods of increasing removal of pollutants but decreasing flow, and periods with a higher flow but reduced elimination performance.
Because of this performance periodicity, the contribution of the colmation layer to the removal of pathogens must not be taken into account when risk assessment estimations of slow-sand filtrates are to be made. In RBF, however, there is not such a periodic removal of the organic layer covering the river bed. Rather, it is assumed that the layer does not greatly change and that underwater currents or other processes do not alter its performance substantially. Therefore, risk assessments of drinking water derived from river bank filtrates should take the organic layer into account and include its role in the elimination of pathogens.
In order to gain information concerning the contribution of the colmation layer in the elimination of micoorganisms from raw water, we have infiltrated water that had been spiked with bacteriophages through a slow sand filter. The infiltration was carried out both, before and after a colmation layer had been build up on the top of the filter. After the infiltrations we followed the concentration of bacteriophages in the filter effluent and determined the degree of elimination.
Material and methods

Microbiological methods
Coliphage 138 is an environmental isolate that has proven quite resistant to environmental stress. It is a male-specific phage. The phage concentration of the water was determined essentially following the method 1602 of the U.S. EPA (Anon., 2001 ), but the indicator strain used was E. coli K13 . This strain was also taken for obtaining the phage suspensions used in the infiltration.
Infiltration plant configuration and operation conditions
The storage pond system is fed with groundwater abstracted from the surrounding quaternary aquifer. Before passage into the pond, the water is subjected to biological treatment for removal of iron and manganese. From the treatment plant the water flows into the storage pond, which has a capacity of 7,000 m 3 and a surface area of about 5,300 m 2 (Figure 1) .
From the storage pond, the water is conveyed into two slow-sand filter ponds sealed with concrete in 0.9 m below sediment surface (cross-section of one of the slow-sand filters is shown in Figure 2 ) and two open infiltration basins, each with a surface area of about 75 m 2 . The sealed slow-sand filter ponds have drainage pipes system which collects the water following passage through the sand and conducts it to a measuring station. In addition, there are two subsurface drains which collect the water at a depth of about 5 m over the entire width of the storage pond at points 14 m and 36 m behind the bank line, and likewise convey it to the measuring station. There, the parameters pH, O 2 , electrical conductivity, temperature, redox potential, TOC, TNb and fluorescence are measured and analysed continuously in flow-through mode controlled by a PC. The water from the drainage systems can be either pumped back to the inlet of the storage pond (recirculation) or discharged to the sewage system (flow-through). The intake, and hence the flow, can be regulated via the pumping rate. Minimal flow rates are a few hundred litres per hour, the achievable maximum is 40 m 3 /h. The surface area of the slow-sand filter is about 75 m 2 . The subsoil within the area of the bank filtration plants as well as the filling of the infiltration ponds and the slow-sand filters consist of medium-or fine-grained sands and gravel of good permeability (average kf value: 2 × 10 -3 m/s). Accordingly, flow rates of between 0.2 m/d and 6 m/d can be set depending on the output of the pumps.
Results
The figures three and four show the breakthrough of the coliphages. Each one of the experiments consisted of a pulse inoculation of 109 coliphage 138 as indicator for human pathogenic viruses. In the first experiment, with a colmation layer still missing, the cumulated breakthrough of coliphage 138 in the 80 cm mighty sandy bed amounted to ca. 40 % of the phages inoculated. In contrast, less than 1 % of coliphage 138 escaped from the filter as the same experiment was repeated two months later, when a substantial colmation layer had developed.
Our preliminary conclusions are that the colmation layer is extremely efficient at the elimination of viruses although we still can not make a quantitative estimate. It must be mentioned that the second experiment was carried out with half the filtration velocity of the first. This velocity reduction was not intended but was due to the higher resistance build up by the colmation layer. However, we make responsible only a small part of the elimination to slower filter velocity.
Elimination of pathogens during RBF can be described as a function of several infiltration parameters:
whereby the abbreviations have the following meaning: Ef(pth) = Elimination factor for a certain pathogen during the soil passage; v = velocity of the water; Cl = elimination by the colmation layer or Schmutzdecke; d = path length of the water, between the surface water and the well; S = properties of the soil. Accordingly, knowing the elimination performance of the "Schmutzdecke" will be an indispensable contribution to the assembling of risk assessment models.
Conclusions
Further work is currently being carried out or planned to quantitatively ascertain the role of the colmation layer in RBF. A central question is the persistence of indicator bacteria Figure 2 Cross-section of the slow-sandfilter with the optimised drainage system for a homogenous vertical waterflow during RBF and the mechanisms responsible for their elimination and the elimination of pathogens. Further microbiological examinations, which are underway and include conventional and molecular biology techniques, will allow correlating population data with data about survival, especially elimination of indicator bacteria phages and pathogens. Especially the role of grazing by protozoa and other bactivorous organisms is hoped to be elucidated by the use of specific fluorescent probes which allow detection of organisms in their spatial arrangement (e.g. inside biofilms or in phagosomes of protozoa). 
